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Cancer cells from tissues of diverse origins have been screened for their sensitivity to ferroptosis-inducing compounds.
3 Ferroptosis inducers, including GPX4 inhibitors, were found to selectively target cancers with a mesenchymal or otherwise drug-resistant signature. Consistent with the mesenchymal state being associated with drug resistance, another study on persister cancer cells, which are proposed to escape from conventional cytotoxic treatment through a dormant state and then revive to cause tumor relapse, revealed a similar selective dependency on the GPX4 pathway. 4 Indeed, GPX4 inhibitors were among the compounds most selectively lethal to such persister cells.
Examination of persister cells revealed upregulation of mesenchymal markers and downregulation of epithelial markers. This common mesenchymal character partially explained the extension of GPX4 dependency from highmesenchymal cancers to persister cells; the underlying mechanisms of GPX4 dependency remain to be further illuminated ( Figure 1 ).
Overexpression of mesenchymal state genes is associated with epithelial−mesenchymal transition (EMT). Because EMT increases the motility of tumor cells and enables the invasion of a primary tumor to distant sites, EMT is part of the process of metastasis. EMT also renders cancer cells resistant to apoptosis and chemotherapy.
5 EMT requires plasma membrane remodeling to increase fluidity, which is associated with an elevated level of biosynthesis of PUFA-PLs. Given that PUFAs are more susceptible to peroxidation than saturated or monounsaturated fatty acid PLs are, cells in an EMT state should be more dependent on GPX4 to control lipid peroxides. Therefore, cancer cells undergoing EMT that acquire resistance to apoptosis induction may inevitably become vulnerable to lipid peroxidation and ferroptosis induced by GPX4 inhibition. The necessity of the EMT regulator and lipogenic factor ZEB1 for GPX4 dependency and sensitivity to fatty acid desaturase-2 (FADS2) activation support this theory.
3 The disabled antioxidant program in persister cells might be a result of this overwhelming lipid oxidation, considering that recycling of GPX4 consumes reduced glutathione (GSH) and NADPH. 4 Additionally, therapy-resistant cancer cells with a highmesenchymal state due to a mesenchymal origin may exhibit similar genetic alterations and protein expression, explaining their vulnerability to ferroptosis.
■ THERAPEUTIC POSSIBILITIES
As cancer cells can evolve into a high-mesenchymal or related drug-resistant state and become resistant to apoptosis induction, one may be able to selectively target such resistant cancer cells through ferroptosis induction. The most effective compounds in this context might be direct GPX4 inhibitors. For example, in vivo xenografts of GPX4-knockout highmesenchymal therapy-resistant melanoma regressed after the cessation of ferrostatin-1 (a lipophilic antioxidant that suppresses the effect of loss of GPX4) and did not relapse after dabrafenib and trametinib treatment had been ceased, while GPX4 wild-type xenografts continued to grow in both experiments.
3
However, because the gpx4 gene is essential for embryonic development and some adult tissue homeostasis in mice, there is a concern about the potential toxicity of the therapeutic use of GPX4 inhibitors. However, GPX4 inhibitors were selectively lethal to persister cancer cells, with a minimal effect on parental cells and nontransformed cells, suggesting that the addiction to GPX4 may create a suitable therapeutic window. Despite this, the therapeutic window of the GPX4 inhibitor remains to be examined, such as its potential adverse impact on the nervous system and kidney in particular.
In addition to GPX4 direct inhibitors, persister cells might also be vulnerable to other ferroptosis inducers. For example, erastin and its derivatives, which inhibit system xc-and deplete the intracellular GPX4 cofactor GSH, are also selectively lethal to persister cancer cells, with minimal effects on parental cells. Additionally, high-mesenchymal state cancers are sensitive to statins, which can inhibit the biosynthesis of GPX4 and deplete mevalonate-derived coenzyme Q 10 . Although tumors might develop other resistance mechanisms for compounds such as erastin and statins, the high potential therapeutic index may be useful: for example, knockout of the system xc-gene slc7A11 has minimal effects in mice, suggesting that normal tissues do not require system xc-activity, at least in mice.
Dependency on GPX4 may thus derive from elevated levels of synthesis and usage of PUFA-PLs by some cancer cells, particularly the most drug-resistant and aggressive types. Further experiments that aimed to examine this lipid metabolism pathway may reveal additional therapeutic targets with different profiles. The GPX4 pathway thus represents a new frontier in targeting some of the most intractable cancers.
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